S
evere gastrointestinal bleeding, which cannot be clearly localised, poses a major therapeutic challenge. The most frequent cause of obscure bleeding from the small intestine in patients older than 50 years are angiodysplasias, which are predominantly found in the lower ileum. 1 2 Therapeutic strategies in these patients range from angiographic embolisation to surgical resection, which still may not successfully stop the bleeding in some cases. Currently, there is no established medical treatment available for these patients. Hormonal therapy initially showed promising results 3 which were not confirmed in a recent randomised study. 4 Although angiodysplasias are considered degenerative in origin, their aetiology is still unclear. Recently, neoangiogenesis in colonic angiodysplasias was shown to be mediated by vascular endothelial growth factor (VEGF), which is strongly expressed within vessel walls. 5 Crohn's disease (CD) may also be complicated by severe intestinal bleeding. Although only approximately 1-2% of patients suffer from acute massive bleeding, 6 7 these cases present a clinical challenge. One publication reported three fatalities in a series of 21 patients with severe intestinal bleeding due to CD. 6 In these patients the exact bleeding site is often not identifiable and severe bleeding may recur despite intestinal resection. 6 Interestingly, the occurrence of massive bleeding was not found to be associated with disease activity. 6 7 In a recent study on the treatment of steroid refractory CD with thalidomide, we noticed a rapid improvement in rectal bleeding in patients with haemorrhagic diarrhoea. 8 Interestingly, thalidomide not only displays anti-inflammatory activity but is also an inhibitor of angiogenesis, which is mediated by suppression of VEGF. 9 10 As increased production of VEGF is found in CD, [11] [12] [13] we hypothesised that suppression of VEGF might be an effective therapy in cases of severe bleeding. We therefore treated a series of patients with severe therapy refractory intestinal bleeding related to CD and obscure bleeding with thalidomide.
CASE SERIES
Six patients with severe intestinal bleeding (mean of 56 blood transfusions within 24 months) resistant to endoscopic, surgical, and anti-inflammatory therapy were treated. All patients underwent extensive unsuccessful diagnostic procedures to localise the site of bleeding.
Three patients with CD (patients A-C; CD activity index (CDAI) 251 (31), CD endoscopic index of severity (CDEIS) 13.1 (1.8)) suffered from recurrent episodes of intestinal bleeding. Although all three patients had endoscopically detectable lesions, a clear bleeding site could not be identified. Bleeding episodes were not accompanied by an increase in inflammation parameters or increased clinical activity. These three patients needed a mean of 2.2 blood units/month during the last year (fig 1) . Patients were started on 300 mg thalidomide (Gruenenthal, Germany) daily, the same dose which we had used in our previous study in CD. 8 Thalidomide was lowered to 50-100 mg after 6-9 months. Clinical evaluation with assessment of CDAI was performed at baseline and at least every three months. Colonoscopy with evaluation of CDEIS was performed before thalidomide and at three months.
Three further patients (patients D-F) suffered from obscure bleeding of the small intestine. Within the last 12 months, patients had between three and 11 severe bleeding episodes requiring admission to hospital and received a mean of 3.1 blood units/month (fig 1) . In one patient, wireless capsule endoscopy demonstrated multiple angiodysplasias within the jejunum and ileum; in two patients capsule endoscopy had not yet been available. However, by endoscope, the source of bleeding was located to the ileum.
Although angiodysplasias of the small bowel could be visualised by wireless capsule endoscopy in only one of these patients, we regarded bleeding in all three patients as highly likely to be related to angiodysplasias. Endoscopic and capsule endoscopy studies show that the overwhelming majority of cases of obscure bleeding from the small intestine in older patients, similar to ours, is related to angiodysplasias.
In younger patients with obscure bleeding from the small intestine, the single most common lesions found are small bowel tumours. However, in patients older than 50 years, angiodysplasias are thought to cause obscure bleeding from the small intestine in .90% of patients. patients older than 50 years were found to bleed due to small bowel tumours. 2 Furthermore, our patients suffered from severe bleeding, a characteristic feature of vascular malformations. 2 We therefore regarded these two patientsalthough not proven-as highly suspicious of bleeding from angiodysplasias.
As the optimal dose for antiangiogenic treatment is unclear and no anti-inflammatory activity was needed in these patients, we chose low dose treatment of 100 mg daily thalidomide to minimise toxicity in these elderly patients. After four months, thalidomide was stopped. Clinical evaluation with control of haemoglobin levels was performed at baseline and at least every four weeks.
Patients were followed for a mean of 33 months (range 22-49). As thalidomide can cause peripheral neuropathy, careful neurological evaluation was performed before the start of treatment and every three months. Electromyography was performed at baseline, at the end of treatment, or when clinical symptoms possibly related to neuropathy occurred. Treatment was approved by the local ethics committee. Informed consent was obtained from all patients. Serum VEGF levels were measured in duplicate before the start of thalidomide therapy and after three months. VEGF ELISA kits were obtained from R&D Systems (Minneapolis, Minnesota, USA). Sensitivity of VEGF ELISA is 31.2 pg/ml. Values of disease activity indices and VEGF are given as mean (SEM).
CASE REPORTS
Patient A A 34 year old man with a nine year history of CD suffered from severe recurrent intestinal bleeding which required 14 admissions to hospital within the last three years. Because of bleeding, three resections of the small intestine were performed without lasting effect. He received a total of 57 blood transfusions despite treatment with mesalazine (3 g), azathioprine (100 mg), and up to 100 mg of prednisone. Within the last six months he was dependent on 20 mg of prednisone and received 29 blood transfusions. Colonoscopy showed moderate inflammation with aphthous lesions of the rectum, and ulcers and angiodysplasias near the anastomosis. However, the bleeding site could not be identified. After the start of 300 mg thalidomide daily, bleeding stopped within two weeks with no requirement for transfusions in the following 12 months. Thalidomide was then discontinued and bleeding recurred 13 months later. After starting retreatment (300 mg, tapered to 100 mg within three months), bleeding stopped again within two weeks and did not recur during the following 24 months.
Patient B
A 42 year old man had an 11 year history of CD. Despite strong immunosuppressive therapy (azathioprine 125 mg, prednisone 25-60 mg, mesalazine 3 g daily, and mesalazine enemas) he suffered from severe recurrent intestinal bleeding. Resection of the small intestine because of bleeding was without lasting effect. Within the last six months he had received a total of 24 units of blood. His situation was further complicated by thrombophilia of unknown origin which had led to previous repeated deep venous thromboses, pulmonary embolism, and myocardial infarction. Due to intestinal bleeding, antithrombotic therapy had to be stopped six months ago. Colonoscopy showed inflammatory lesions within the ileum and rectum with no clear bleeding lesion. After the start of thalidomide (300 mg), bleeding subsided within two weeks and antithrombotic therapy could be started. The patient is still on heparin without bleeding for the past 34 months.
Patient C
A 33 year old man with a four year history of CD treated by 3 g mesalazine and budesonide enemas had become dependent on 20 mg prednisone for the past seven months. Despite treatment, he had 10-12 bloody stools daily leading to chronic anaemia (haemoglobin 6.8-8.5 mg/dl). He refused blood transfusions. Colonoscopy showed mild ileocolitis. After the start of thalidomide (300 mg), bleeding stopped within two weeks and within three months he stabilised on three bowel movements daily and a haemoglobin level of .13 mg/dl. Discontinuation of thalidomide after 12 months resulted in recurrence of bloody diarrhoea within four weeks. After starting retreatment (300 mg, tapered to 100 mg within three months), bleeding stopped again within two weeks and did not recur during the following 25 months.
Patient D
A 54 year old man suffered from severe recurrent intestinal bleeding for the past three and a half years in which he received a total of 237 units of blood. During the last 12 months, bleeding episodes had led to 11 admissions to hospital where he received 85 units of blood. Despite extensive diagnostic procedures, including repeated gastroscopy, colonoscopy, enteroscopy, computed tomography of the small bowel, angiography, meckel scan, 99m Tc labelled red blood scintigraphy during bleeding, and even laparotomy, the bleeding site could not be identified. However, from endoscopy during acute bleeding it was clear that the bleeding site was located within the small bowel. As the patient was suspected of bleeding from angiodysplasias of the small bowel, antiangiogenic treatment with thalidomide was discussed with the patient. After low dose thalidomide (100 mg daily) was started, bleeding stopped within two weeks. Although thalidomide treatment was stopped after four months, no further bleeding episode occurred during a follow up of 33 months.
Patient E
A 69 year old woman suffered from severe recurrent intestinal bleeding for the past one year, which had led to three admissions to hospital during which she received 12 units of blood. Despite repeated gastroscopy, colonoscopy, enteroscopy, meckel scan, computed tomography of the small bowel, and angiography, the bleeding site could not be identified. However, endoscopy during acute bleeding indicated that the bleeding site was located within the small bowel. As she was suspected of bleeding from recurrent angiodysplasias of the small bowel, antiangiogenic treatment with thalidomide was discussed with the patient. After low dose thalidomide (100 mg daily for four months) was started, no further bleeding episode occurred in the following 24 months.
Patient F
A 72 year old man suffered from recurrent intestinal bleeding for the past two years which had led to four admissions to hospital. During the last year he received 14 units of blood. Despite repeated gastroscopy, colonoscopy, enteroscopy, x ray of the small bowel, and 99m Tc labelled red blood scintigraphy, the bleeding site could not be identified. Wireless capsule endoscopy demonstrated multiple angiodysplasias of the jejunum and ileum. After the start of thalidomide (100 mg daily for four months), no further bleeding episodes occurred in the following 22 months.
Treatment was well tolerated by all patients. No major side effects were seen apart from transient fatigue (which was reported by all six patients) and peripheral neuropathy, which developed in one patient (patient A) after nine months and was reversible after lowering the dose to 100 mg daily. Haemoglobin normalised without further transfusions during treatment with thalidomide in all six patients and remained stable during a total follow up of mean 33 months (range 22-49). No transfusions were necessary during follow up (fig 1) .
In CD patients, clinical activity decreased during treatment (CDAI 251 (31) before treatment, 116 (15) after three months of thalidomide). CDEIS decreased from 13.1 (1.8) before treatment to 7.9 (0.9) after three months, C reactive protein decreased from 15.3 (1.8) to 6 (3.1) mg/l, and platelets changed from 333 (41) before treatment to 318 (34) after three months. Diarrhoea improved in two patients (weekly stools 27 (4.1) v 17.7 (2.9)); one patient reported relief of abdominal pain. In patients with CD, production of VEGF decreased from 818 (82) pg/ml before treatment to 129 (86) pg/ml after three months (fig 2) .
No signs of inflammation (C reactive protein, leucocytes, platelets, erythrocyte sedimentation rate) were observed in patients with obscure bleeding. In these patients, production of VEGF decreased from 264 (68) pg/ml before treatment to 50 (25) pg/ml (fig 2) .
DISCUSSION
As thalidomide displays not only anti-inflammatory effects but is also a potent inhibitor of angiogenesis, 9 15 we investigated the effectiveness of thalidomide in patients with severe therapy resistant intestinal bleeding related to CD and bleeding of obscure origin. Thalidomide proved to be highly effective in all six patients. Bleeding stopped in all patients within two weeks after initiation of treatment. While patients had required a mean of 2.7 units of blood/month in the year before the study, no further blood transfusions were necessary during treatment with thalidomide and further follow up of 28 months. This effect was reproducible by retreatment in two patients who started to rebleed after withdrawal of thalidomide.
As thalidomide suppresses production of tumour necrosis factor a and interleukin 12, the underlying mechanism for this clinical efficacy in patients with CD could be related to anti-inflammatory activity. 8 However, during several previous bleeding episodes, we did not observe a correlation between disease activity and occurrence of bleeding, an observation which is in accordance with previous studies on severe bleeding in CD. 6 7 Overall, inflammatory activity during bleeding episodes was relatively moderate in our patients. Judging inflammation primarily by increased baseline CDAI (251 (31)) may lead to an overestimation of inflammatory activity, as anaemia alone accounted for about 80-100 points overall. As the anti-inflammatory potential of thalidomide is also relatively moderate, 8 16 17 we hypothesise that the strong clinical effect of thalidomide on intestinal bleeding was possibly related to additional mechanisms and not exclusively to its anti-inflammatory properties.
Increased production of VEGF was recently described in CD. [11] [12] [13] Although the exact role of VEGF in the inflammatory process within the intestinal mucosa is currently unclear, it is conceivable that VEGF mediated effects such as increased vascular permeability and neoangiogenesis contribute to intestinal bleeding in CD. 18 Thalidomide is an inhibitor of neoangiogenesis, an effect which is mediated by suppression of VEGF. 9 10 We found strong suppression of VEGF after treatment with thalidomide in our patients, offering a possible explanation for its efficacy in severe bleeding in CD. However, as VEGF levels are associated with disease activity in CD, 12 13 it is also possible that decreased production of VEGF in our patients was secondary to the antiinflammatory effects of thalidomide.
Clearer evidence for a direct effect of thalidomide on suppression of VEGF may be given in patients without inflammation. Thalidomide was also effective in three patients with severe bleeding from the small intestine, presumably due to angiodysplasias without signs of inflammation. As the number of previous bleeding episodes independently predicts rebleeding in patients with gastrointestinal angiodysplasias, 4 and our patients had 3-11 severe bleeding episodes requiring admission to hospital within the last 12 months, they were at high risk of rebleeding. After the start of thalidomide treatment no further bleeding episode occurred during a mean follow up of 26 months. In accordance with these findings, a therapeutic effect of thalidomide on intestinal bleeding was recently reported in a patient with acute myelogenous leukaemia and angiodysplasias. 19 VEGF is strongly expressed within colonic angiodysplasias. 5 As VEGF is a key angiogenic factor that is secreted by cancer cells and normal cells in response to hypoxia, 18 VEGF may also be centrally involved in the pathophysiology of angiodysplasias. Local hypoxia within the intestinal wall in older patients may trigger production of VEGF, thereby contributing to formation of angiodysplasias. Animal experiments have shown that unregulated VEGF expression can 
